Abstract
Introduction

20
California is one of the most vulnerable states in the U.S. to severe drought due to the large and 21 growing water demand for irrigation, energy production, and recreation, and the limited water 22 supply from the relatively dry regional climate (Grantham and Viers 2014) . The current drought 23 that has persisted since 2011 has led to a declaration of a drought state of emergency and 24 mandatory curtailment of municipal and agricultural water use (Seager et al. 2015) . Most of 25 California's precipitation falls in the wintertime and the current drought has been driven by 26 reductions in precipitation over the past winters (Mao et al. 2015) . The data record (Daly et al. 27 2008) shows record-breaking deficits in December 2013 and January 2014 relative to the past 14. The drought was also compounded by the more moderate impact of warming induced 32 declines in snowpack and earlier snowmelt, which has affected the state water supply and water 33 temperatures in the following seasons (Barnett et al. 2008) . Snowfall in the Sierra Nevada
34
Mountains at the mid-February 2015 was the lowest since 1951 (Mao et al. 2015; Pan et al. 35 2003) and below the 10 th percentile at the end of February 2015 ( Figure 1a ). These deficits led 36 to reduced groundwater recharge and combined with continued groundwater pumping, 2003 (Famiglietti et al. 2011) . Precipitation during the last winter (2014-15) was slightly above 40 the 25 th percentile but was not enough for drought recovery.
41
Although the current drought is exceptional in terms of its impacts, there have been 42 multiple severe and often lengthy droughts over the last century and before. These include, the 43 severe but short winter drought of 1976/77 (Namias 1978) and longer-term dry conditions 44 during 1987-1992 (Dixon et al. 1996) . Prior to the instrumental record, paleoclimate data 45 indicate that the region has experienced droughts that dwarf anything experienced during the 46 past century, including 'mega-droughts' during the mediaeval period (Stine 1994; Cook et al. 2014 ).
48
The physical mechanisms that lead to drought for the region are complex (Namias 1978; 49 Schubert et al. 2004) over the east North Pacific (Bond et al. 2015) . These in turn have been linked to the record-61 breaking warm sea surface temperature anomalies over that region in 2014, the risk of which 62 has been estimated to be amplified about two times by anthropogenic impacts (Kam et al. 2015) .
63
On the other hand global warming has been implicated in the increase in the risk of pluvials 64 over California (Wang and Schubert 2014) due to increases in atmospheric humidity over the 65 eastern North Pacific. The current drought has also been linked to the recent global warming 66 hiatus (Delworth et al. 2015) .
67
This study is designed to understand the influence of oceanic conditions on drought and , 1900-1979 (e-f) and 1936-2012 (g-h) . The conditional distributions are computed from the regional averages of drought occurrences during the certain times: strong negative (blue; below the 33rd percentiles), negative (sky; below the medians), climatology (black; 1900-2014) , positive (orange; above the medians), and strong positive (red; above the 66th percentiles) of the annual PDO, AMO, and ENSO indices, respectively. The bottom and top of the box stand for the accumulated belief of degree at 25% and 75% from the inverse posterior distribution functions and the band within the box, the accumulated belief degree at 50% from the inverse posterior distribution functions. Whiskers represent the accumulated belief degree at 1% and 99% from the inverse posterior distribution functions. North and south California are defined above and below 37.5°N. 1901-1980 (a-b) and 1936-2015 (d-e) . Pluvial frequency maps during the positive phases of the PDO and ENSO indices of the periods, 1901-1980 (g-h) and 1936-2015 (j-k) . To address the trends in drought and pluvial risk, drought and pluvial frequency maps during the first and last 80 years periods are in the last column (c, f, i, and l)Green shaded areas represent the area with the uncertainty equal to or greater than the probability equal to or greater than 90%, to have higher drought and pluvial frequency than 0.25 (DB{p ≥ 0.25}) based on the conditional posterior distributions. 1901-1980 (ab) and 1935-2014 (c-d) . Composite spatial distributions for wintertime vertically integrated moisture transport and convergence anomalies during the anomalies during the negative phases of the PDO and ENSO indices of the periods, 1900-1979 (e-f) and 1936-2012 (g-h) . Ocean. Green shaded areas over blue (red) colored areas represent areas with higher drought and pluvial frequency than 0.25 (DB{p ≥ 0.25}) based on the conditional posterior distributions with probability equal to or greater than 90% (smaller than 10%). 
